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P rescription drugs contribute significantly to hospital expenditures and account for approximately 5% to 20% of a hospital's global budget (1) . Antimicrobial agents constitute a substantial proportion of a hospital's drug inventory (about 25%) (2) and drug acquisition budget (20% to 50%) (3, 4) . However, because of the perception that antimicrobial agents are associated with low risk of toxicity, these therapeutic drugs have resulted in varying degrees of inappropriate use (5) (6) (7) (8) (9) (10) (11) (12) (13) . Therefore, it is not surprising that these drugs have received increasing scrutiny during an era of cost containment (14, 15) .
Surgical site infections account for up to 24% of nosocomial infections (16) . Consequences of these infections include compromised quality of life for patients and significant treatment expenditures. Antimicrobial prophylaxis has proven benefits in surgical procedures associated with high infection rates, ie, clean-contaminated or contaminated operations (17) (18) (19) . Recently, the benefit of antimicrobial prophylaxis in clean surgical procedures has also been demonstrated (20, 21) but some controversies still persist (22, 23) .
Because perioperative prophylactic antimicrobials can comprise up to 30% of all administered antimicrobial agents (24) , they form a significant portion of total antimicrobial usage and cost. The agents used in perioperative prophylaxis are also subject to inappropriate use (25) . Efforts to encourage the appropriate use of these drugs for perioperative prophylaxis have resulted in the formulation of several guidelines (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) . Although prescribers may initially adhere to written prophylaxis guidelines for a time after their introduction, this behaviour decays with the passing of time, if it is not continuously reinforced. This reinforcement may be very labour-intensive.
However, it may be easier to alter inappropriate antimicrobial usage in perioperative prophylaxis that is a nonlifethreatening situation, in contrast to a therapeutic scenario that may be life-threatening. Physicians are less apt to alter their prescribing practices in a therapeutic situation where antimicrobial usage is perceived as necessary than in surgical prophylaxis where the use of antimicrobials is merely to prevent possible postsurgical infections. As a result, efforts to influence physicians' prescribing patterns of perioperative prophylaxis may be more productive.
Strategies to limit the inappropriate drug use in the hospital setting include the following methods: educational activities for physicians (36, 37) such as Pharmacy and Therapeutics Committee newsletters or inservices (38) ; peer review (39); academic detailing (40) ; an antibiotic handbook (2,41,42); a controlled formulary system (15, 43) ; automatic stop order policies (43) ; drug detailing by pharmaceutical representatives (44); infectious disease specialist consultations (43); therapeutic interchange policies (14, 15) ; and a preprinted antimicrobial order form (2, 43, (45) (46) (47) (48) . These methods have met with varying degrees of success (2) (3) (4) 14, 15) , but in general, the most successful and lasting effects have been recorded through prescribing restrictions when an order form or computer-assisted decision support is employed. In addition, an order form may serve as an educational tool for residents and may be an effective quality assurance item to monitor the use of antimicrobial agents.
In the authors' institution, a preliminary drug utilization review over a three-month period demonstrated that approximately 64% of perioperative antimicrobial use was inappropriate, based on the surgical indication, antibiotic selection, du- ration, frequency or dose ordered. Moreover, it was noted that there was no standardized time of administration of perioperative antimicrobials, resulting in potential delays of up to 4 h from the time of injection to the time of the incision. As a result of the perceived inappropriate use of perioperative antimicrobial prophylaxis, we developed a series of procedure-specific recommendations that were recorded on order forms for a number of surgical procedures. The order forms were implemented and evaluated over two months. Our objectives were to standardize the use of perioperative prophylactic antimicrobial regimens, promote the appropriate use of surgical prophylaxis, introduce an educational tool that would have a lon-glasting effect on surgeons' prescribing patterns, and reduce costs. A comparison of the baseline data with those of the period following the introduction of the perioperative antimicrobial prophylaxis order form is described.
MATERIALS AND METHODS

Subjects:
The study design was a pre-and postintervention comparison of the use of antimicrobial agents employed in surgical prophylaxis in a 420-bed teaching facility in the HamiltonWentworth region. The baseline data were collected on consecutive patients undergoing surgical procedures over three months. Due to the regionalization of health services, data on perioperative prophylaxis in cases of general, orthopedic and urological surgery only were collected. Information on prophylactic regimens for the prevention of bacterial endocarditis for these cases was also included. Demographic data on all baseline patients were accrued. Subsequently, information was gathered once more on consecutive patients over two months after the introduction of the perioperative antimicrobial prophylaxis order form for the same surgical specialties. Order form description: A MEDLINE literature search from 1985 to 1995 was performed to retrieve relevant review articles and randomized clinical trials on perioperative antimicrobial prophylaxis. A literature review of these clinical trials and practice guidelines formed the basis for the development of the preliminary draft of the perioperative antimicrobial prophylaxis order form. The recommendations were formulated so that they were procedure-specific and grouped for general surgery, orthopedics and urology, respectively. All staff concerned (surgeons, infectious disease specialists, nursing staff, pharmacists and pharmacy technicians) were consulted to obtain feedback about the recommendations and form content. Approval of the form was achieved through consensus obtained from all user representatives. The preprinted order forms (Appendix A) were designed to include all the possible surgical procedures performed by the surgical services at this institution for which antimicrobial prophylaxis was indicated. As an educational reminder, literature-approved prophylaxis indications for some procedures were also included on the form. Alternative prophylactic regimens were provided when beta-lactam allergy or methicillin-resistant staphylococci were problems. The order form was set up so that the prescribing physician need only check off the desired prophylactic regimen for the surgical procedure to be performed and sign at the bottom of the form. A 'no prophylaxis' option was available.
Introduction of the order form: After approval of the form by the Pharmacy and Therapeutics Committee of the hospital, extensive educational inservices to all participating nurses, house staff and attending physicians were initiated. For elective surgical procedures, antimicrobial prophylaxis order forms were completed in preoperative clinics or physicians' private offices. Pharmacy technicians prepared the daily requirement of perioperative antimicrobials in minibags and delivered them each morning to the reception area adjacent to the operating room. All preoperative antimicrobial doses except for vancomycin that required infusion times of 1 h were administered in this reception area just before entering the operating room. Vancomycin infusions were commenced on the respective nursing units because of lack of space in the operating room reception area for prolonged infusions. The administration of the antimicrobial agents for nonelective procedures was based on the completed order form that accompanied each patient to the operating room. Blank order forms were available at every nursing unit. Analysis: An assessment of the appropriateness of perioperative antimicrobial usage and drug acquisition costs was measured pre-and postintroduction of the perioperative antimicrobial order form. Appropriateness was evaluated by using the established recommendations on the order form according to five predetermined criteria: indication; choice of agent; dosage; frequency of administration; and duration of prophylaxis. When more than one reason for inappropriateness was found for a particular perioperative antimicrobial prophylaxis prescription, the primary cause of inappropriateness was deemed to be the most important inappropriate criterion documented. The c 2 test was used to compare categorical variables while Student's t test was used for continuous variables. Statistical significance was set at P£0.05. A cost minimization analysis was performed on a selected group of surgical procedures (hip and knee prostheses only) during both periods to demonstrate the impact of the new program. Nineteen hip and knee prosthetic surgical procedures were matched on the basis of the same procedure and the same surgeon performing the procedure during the baseline and trial periods. Drug acquisition costs in the baseline period were compared with those following the intervention. Current costs of antimicrobial agents were used to calculate the cost for both study periods. The order form was also evaluated for its acceptability by users by measuring the compliance rate of form completion. In addition, satisfaction surveys were circulated among prescribers and participating operating room nurses. The physicians' satisfaction survey questionnaire assessed 10 domains regarding background knowledge of perioperative prophylaxis, knowledge of the existence of the form and the form's use, appropriateness, educational benefit, time efficiency and design. Each response was scored on a five-point scale ranging from strongly disagree to strongly agree. General comments were also invited. Similarly, the participating operating room nurses responded to a satisfaction survey comprised of five domains including an assessment of workload, efficiency in carrying out perioperative antimicrobial prophylaxis orders and clarity of the form. This was also scored on a five-point scale. Subsequently, the mean response scores for each question were calculated for both questionnaires.
RESULTS
Nine hundred and one patients were followed in the threemonth baseline period while 725 were enrolled in the two-month trial period (Table 1) . While there were no significant differences in the ages of the patients in the two groups, there was a difference in the sex ratio and distribution of the types of surgical procedures. In both periods, general surgery procedures were performed most frequently. However, there were significantly more urological procedures performed in the baseline than during the trial period. In addition, although urological procedures outnumbered orthopedic procedures in the baseline period, this trend was reversed in the trial period when more orthopedic than urological procedures were completed.
Overall, the use of the perioperative antimicrobial prophylaxis order form increased appropriate usage of antimicrobial agents from 36% in the baseline period to 79% in the trial period (P<0.0001). The greatest improvement was noted among the general surgery procedures (27% versus 72%) ( Table 2) . Similarly, improvement in the appropriateness of antimicrobial prophylaxis was also observed with orthopedic (43% versus 85%, P<0.0001) and urological procedures (40% versus 83%, P<0.0001) between the baseline and trial periods. However, differences were present in the number of surgical procedures in each surgical category between the baseline and trial periods.
The reasons for inappropriate usage of antimicrobial prophylaxis were also documented. During the baseline period, inappropriate usage was based on only three of the aforementioned five criteria -improper indication, inappropriate agent and inappropriate dose. No data could be captured with respect to the frequency of administration and duration of prophylaxis due to incomplete computer data entry by the hospital's pharmacists. Based on the information for the general surgery procedures, perioperative prophylaxis was deemed inappropriate because of an improper indication 94% (263 of 281) of the time and the wrong antimicrobial agent in 6% (17 of 281). Similarly for orthopedic procedures, the prophylactic agents were judged to be inappropriate due to the wrong indication, wrong dose and wrong antimicrobial in 84% (114 of 136), 10% (13 of 136) and 7% (9 of 136) of cases, respectively. Finally, for the urological procedures, 46% (76 of 164) of the prophylactic agents were inappropriate based on the wrong indication, 54% (88 of 164) based on the wrong drug and 0% due to the wrong dosage.
During the trial period, the criteria of appropriateness employed were the dose, drug, indication, frequency and the duration of prophylaxis. For general surgical procedures, inappropriate prophylaxis use was caused primarily by the wrong medication (84%, 72 of 86) and to a lesser extent by the wrong drug (9%, eight of 86), wrong dose (3%, three of 86), wrong duration (3%, three of 86) and wrong frequency (0%). Inappropriate prophylaxis for the orthopedic procedures resulted from the wrong indication (41%, 17 of 41), wrong duration (22%, nine of 41), wrong drug (22%, 9 of 41), incorrect dose (15%, 6 of 41) and wrong frequency (0%). Finally, for urological procedures, inappropriate use of antimicrobial prophylaxis was due to the wrong indication (59%, 16 of 27), wrong dose (30%, eight of 27), wrong duration (7%, 2 of 27), wrong drug (7%, two of 27) and wrong frequency (0%). Thus, the most common reason for inappropriateness of perioperative prophylaxis was that prophylaxis was administered when it should not have been. Overall, during the baseline period 78% (453 of 581) of inappropriate antimicrobial prophylaxis resulted from prescribing prophylaxis incorrectly for a procedure that did not require it. Subsequently, during the trial period 68% (105 of 154) of inappropriate usage was judged to be caused by prescribing for the wrong indication.
For 19 matched hip and knee prosthetic orthopedic surgeries, drug acquisition costs showed a substantial cost differential between the two study periods. Drug acquisition costs were $754.81 during the baseline period versus $314.10 during the trial period, a reduction of $440.71 (a decline of 58.4%). This observed drug cost savings was equivalent to $23.20 per procedure. If the cost reduction per procedure is extrapolated to all 416 hip and knee prosthetic surgeries performed at this institution annually, a total savings of approximately $9,651 could be realized. This example was chosen because the type and number of surgical procedures as well as the surgeon were completely matched for the two time periods.
Prescriber compliance in completing the antimicrobial prophylaxis order form is shown in Figure 1 . There was a trend of increasing compliance with time, reaching a maximum of 100% for general and urological surgeons by the eighth week of the trial. There were declines in the compliance rates for orthopedic surgeons in the seventh and eighth weeks. When the data were plotted for the four individual orthopedic surgeons, there was some variation among them.
Fourteen surgeons participated in this trial, and their opinions were canvassed by means of a satisfaction questionnaire at the end of the study period. The response rate for completing the questionnaire was 64%. The mean score out of five for each question of the questionnaire was calculated. In general, surgeons commented that the regimens included in the form were used (mean score 4.0) and appropriate (mean score 3.3), while the form (mean score 3.5) and design (mean score 3.3) were user-friendly. However, the surgeons felt that the form did not influence their prophylaxis choice (mean score 2.4) and that it was not a good educational tool (mean score 2.5). Furthermore, they recommended that cost data be included on the order form. A different questionnaire was distributed to each of the participating nurses and 20 returned questionnaires. Each question was once again scored out of a maximum of five. They responded overwhelmingly that the order form was well designed (mean score 4.0), clinically helpful (mean score 3.8), improved the timing of prophylaxis (mean Perioperative antimicrobial prophylaxis order form Figure 1 ) Physicians' compliance with the perioperative antimicrobial order form. l General surgery; + Orthopedics surgery; m Urological surgery score 3.7) and should be continued (mean score 4.1). Nevertheless, the nurses voiced the concern that the form increased their workload (mean score 2.5).
DISCUSSION
As demonstrated by the increase in appropriate perioperative antimicrobial usage following the implementation of the prophylaxis order form, this strategy was a very effective means of controlling antimicrobial use and improving physicians' prescribing practice habits. However, the authors are aware that such restrictive measures are not universally applicable and their success may vary from institution to institution. We and others (4) believe that obtaining consensus agreement among the participants and feedback about the program were the key factors for its acceptance. In the process of developing our order form, several times surgeons and nurses were invited for discussion and feedback to arrive at a consensus for the final draft of the form. Accordingly, the form underwent numerous alterations to accommodate all reasonable suggestions. Problems with the form were anticipated, and we made every effort to deal expeditiously with these problems.
As a result of close monitoring and reminders to the prescribing physicians to use the form, a gradual increase in compliance to approximately 100% was achieved. We were assisted in achieving this compliance by the nurse stakeholders who welcomed the standardized format of the preprinted orders. The forms replaced the previously disorganized preoperative orders in the doctor's order section of the patient's medical record. A decrease in the compliance rate during the final two weeks of the trial period (Figure 1 ) could have been caused by an unanticipated shortage of order forms; only a limited number had been printed. We acknowledge that a natural decay of compliance can occur unless concurrent educational reinforcement is provided.
The success of our program underscores the fact that although standards and guidelines for surgical prophylaxis have been promulgated in recent years, they have had minimal effect on changing physicians' prescribing habits. According to our baseline data, 36% of prophylactic regimens were prescribed appropriately based on the predetermined criteria. Common causes of inappropriate use included an improper indication for prophylaxis (94%), not choosing an agent with adequate coverage, using a more expensive broad spectrum drug where a less expensive agent would have sufficed, and injudicious use of vancomycin. The injudicious use of vancomycin is particularly vexing in light of the emergence of vancomycin-resistant enterococci (49) and guidelines published by the Hospital Infection Control Practices Advisory Committee on vancomycin use (50) .
The implementation of the antimicrobial prophylaxis order form resulted in substantial drug acquisition cost savings of $23.20 per procedure for orthopedic prosthetic hip and knee procedures. Thus, substantial drug cost savings could be realized with this policy. In addition, further savings can be projected because of the decrease in the number of doses dispensed (cost of approximately $8.20 per intravenous dose administered) (51).
Another positive impact of the antimicrobial prophylaxis order form was the standardization of the timing of antimicrobial prophylaxis administration. Studies have demonstrated that antimicrobial prophylaxis infused within 30 to 60 mins before the surgical incision is optimal (52, 53) , while prophylaxis administered too early, ie, longer than 2 h before the incision is ineffectual. In our study, we ensured that all preoperative antimicrobial prophylaxis except for vancomycin was administered in the operating room reception area just before entering the operating room (within about 45 mins of the surgical incision time). This replaced the previous practice of administering antimicrobial prophylaxis on the nursing unit where delays of up to 4 h occurred before the surgical incision. Unfortunately, comparison data on administration times between our study periods could not be completed because of poor documentation.
Our study results have a number of limitations. First, we were unable to arrive at total drug acquisition cost reductions due to the lack of comparability of surgical procedures during the baseline and study periods. Second, we did not achieve 100% appropriateness for antimicrobial prophylaxis because some surgeons failed to prescribe perioperative antimicrobial prophylaxis even when clinically indicated as suggested by the literature. Surgeons were not compelled to prescribe prophylaxis if they did not wish to do so. In addition, it was difficult to record all the reasons for inappropriate usage for each surgical procedure. We were only able to document three criteria for inappropriateness during the baseline period in contrast to all five criteria in the trial period. Thus, our estimate of the rate of inappropriate perioperative prophylaxis for the baseline period was conservative, compared with the more stringent criteria applied to the trial period. Finally, we could not explore changes in surgical wound infection rates subsequent to the introduction of our prophylaxis order form because of the heterogeneity of our surgical procedure categories. Nevertheless, our data highlight the development and acceptance of the order form with improvement in prescribing patterns.
In conclusion, perioperative antimicrobial prescribing practices were standardized, appropriateness improved and cost reduced in participating surgical services using our prophylaxis order form. With these encouraging results, our Pharmacy and Therapeutics Committee has approved this program as a hospital-wide policy and we are currently expanding it to other surgical services within our corporation. Besides the aforementioned benefits and the form's educational merit, it functioned as a multidisciplinary continuous quality improvement project to improve patient care.
